To estimate the maximum height, we assume that the wrinkle has a fixed amount of material (i.e. no sliding of graphene along the surface), and that it adopts the minimum-energy morphology. We therefore need to compare energies of the different structures for a fixed amount of excess graphene in the wrinkle. First, we estimate energy of the folded wrinkle. As illustrated in Fig. S1 , the structure of folded wrinkle consists of the right and left bulb-shaped curves with similar radiuses and a flat trilayer region. The right bulb we approximate by a pair of arcs, concave and convex. The two left bulbs are approximated by the arcs of the same angles, with radiuses being different by the van der Waals distance h separating graphene layers. The trilayer region has length λ, and the bilayer has length λ+ξ. The base is approximated by arcs of angle π/2 and radius R b . The energy of the folded wrinkle in this model is given by:
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where κ is graphene bending stiffness and β is van der Waals adhesion energy. The first term reflects the bending energy, the second term reflects adhesion energies of the bilayer and trilayer regions, and the last term reflects the adhesion energy cost to peel off graphene from the substrate. We will use β sub =β. The excess length is defined as the length of the graphene fold minus the length of the flat substrate and it is given by:
where relationships between the angles and radiuses are determined by the geometric constraints, see Similarly, we can estimate the energy of the standing collapsed wrinkle geometry, shown in Fig. S2 :
The excess length here is given by: 
Electrostatic modeling of the trilayered folds regions
We model the electrostatics of the graphene fold as a tri-layer graphene system, assuming that the graphene layers are electrically decoupled from one another. Through the Poisson equation, the Dirac point potential in each layer with respect to Fermi energy can be computed as follows,
where V 3 is given a priori. d 0 = 3.4Å is the graphene interlayer separation, ε 0 is the free space permittivity, C g is the back gate capacitance and V g is the applied gate bias. In Fig.   4a of the main manuscript, the calculated carrier densities assumed a finite electron-hole puddle densities n 0 = 6.5×10 11 cm -2 estimated from Hall measurements. The fractional carrier population in the graphene layer closest to the gate, i.e. n 1 /n where n = n 1 +n 2 +n 3 , is closer to unity at larger V g . On the other hand, the layer densities are more equally distributed when V g is biased near the Dirac point. This carrier redistribution within the trilayered graphene system is a consequence of nonlinear screening 4 , and is crucial to explaining our experimental observations.
Diffusive transport modeling along/across a graphene fold
We discuss first electronic transport along a graphene fold. The effective electrical conductivity σ eff in the diffusive limit can be written as,
where σ j refers to the electrical conductivity in the j th layer and σ is the electrical conductivity in monolayer graphene i.e. control devices. W f is the width of the graphene fold, estimated from SEM to be ≈ 0.14µm, and W is the device width. In addition, the electrical conductivity σ as a function of the carrier density n can be determined through
Hall measurements. The carrier mean-free-path, λ MFP (n), can simply be derived from 2 4e MFP h n π σ π λ = 5 . If each graphene layer in the fold also follows the same λ MFP (n) functional relationship, then the respective σ j are also known. In this case, the calculated σ eff is shown in Fig. 4c of the main manuscript, yielding good agreement. Electronic transport across a graphene fold can be modeled in similar fashion, with σ eff written as,
where L f is the length of the graphene fold, estimated from SEM to be ≈ 0.14µm, and L is the device length.
Quantum transport modeling of standing collapsed wrinkle
Here we elaborate on the electronic transport calculation of the standing collapsed graphene wrinkle in the main manuscript. We assume that the transport direction is along the armchair direction, as illustrated in Fig. 5a . The Hamiltonian H is described by a nearest neighbor z p tight-binding model 6 including both in-plane and out-of-plane α ≈ is a fitting parameter 6 .
Electronic transport across the structure is calculated using the non-equilibrium green function method 5 
where ( ) f E is the Fermi Dirac distribution. The resistance associated with the standing collapsed wrinkle can then be calculated after subtracting off the quantum contact resistance. In our calculations, we assume that the electrostatic doping of the flat region to be 0.2eV, and undoped in regions which are raised, namely the collapsed bilayer and the structure subtended from it. Temperature is taken to be 300K as per experiments.
Temperature dependence of conductivity
The conductivities of the graphene device at 4.2K and 300K are shown in Fig. S3 .
We observe that the conductivity is nearly unchanged when the temperature is decreased from 300K to 4.2K.
Measurements of Hall Mobility
We performed standard Hall measurement to obtain the resistivity tensor and then the conductivities σ xx and σ xy , from which the carrier mobility µ and carrier density n can be extracted. where B is the magnetic field. These quantities are plotted in Fig. S4 , obtained at 300K.
We emphasize that the extraction method breaks down when the graphene is biased near the Dirac point, the range highlighted in the plot. The observed downturn in the mobility is unphysical, an artifact of the extraction method which ignores the two carrier nature of transport near the Dirac point 7 . Outside this region, the measured mobility clearly shows a decreasing mobility with increasing doping.
Dirac point shifts due to folds
The statistical sampling of Dirac voltage for the graphene Hall-bars with and without fold is shown in Fig.S5: ( 
